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I. INTRODUCTION 
In concrete construction, the weight of the structure 
represents a large portion of the total load carried; thus, 
there is considerable advantage in reducing the weight of 
the concrete. To obtain this result, there are at least 
three approaches (1). The first method of producing light-
weight concrete is by means of substituting a porous light-
weight aggregate of low specific gravity for the ordinary 
aggregate. The second method relies on introducing large 
voids within the concrete or mortar mass; this is known 
as aerated, cellular or gas concrete. The third method 
is simply to omit the fine aggregate from the mix in order 
to obtain a large number of voids in the concrete. 
For structural purposes, the first method is preferable 
to the others, since higher strengths can be achieved. 
The decrease in density or weight obtained with lightweight 
material is due to the presence of voids in the aggregate, 
but these voids will also reduce the strength of lightweight 
concrete as compared with normal weight concrete of the 
same paste content. However, it is possible by using a 
high cement content in lightweight concrete to obtain a 
high strength lightweight concrete. 
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Recently, pure epoxy concrete has found application 
in construction because of its high compressive and ten-
sile strengths as well as remarkable adhesive properties. 
The high cost has tended to limit extent of application. 
A recent investigation (7) by Mr. Kuo Chu Hu has been 
made at this University where epoxy resin was used as an 
admixture in ordinary concrete and some improvement in prop-
erties were noted with respect to compressive strength 
under job curing conditions. Since it was thought that 
this improvement might be more significant with lightweight 
concrete, this investigation was initiated to determine 
the effects of the addition of small quantities of epoxy 
resin on expanded slag concrete. 
The investigation included three batches of stone con-
crete prepared with epoxy resin content at 0, 1 and 2% by 
volume, and a similar set for slag concrete making a total 
of 72 cylinders tested. Half of the specimens were cured 
under laboratory conditions and the other half cured under 
s'imulated job conditions. Compression and tensile strengths 
were determined in triplicate for all combinations of con-
crete type, epoxy content, and curing condition. In addi-
tion, duplicate tests of the modulus of elasticity were 
performed. 
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II. LITERATURE REVIEW 
In this country, epoxy resins first found application 
in concrete construction as a bonding agent between fresh 
plastic concrete and hardened concrete by the California 
Division of Highways in 1954 (2). Since that time, the 
use of epoxy resins has expanded to many areas of con-
struction where the high chemical inertness and excellent 
adhesive properties of th~ material are useful. 
A series of tests was carried out by the sacramento 
District, u.s. Army Corp of Engineers and the Materials 
and Research Laboratory of the California state Division 
of Highways on the use of epoxy resins (3). The applica-
tions investigated include: adhesive for traffic buttons, 
anchoring runway dowels, bonding an extruded concrete curb 
to an existing roadway, and repair of sidewalks. The re-
sults indicated that the bond strength of epoxy resins 
is greater than that of the parent concrete. These 
demonstrations encouraged the use of epoxy concrete 
as a patching material for spalled areas. Under ideal 
conditions, the repair could withstand traffic within 
a few hours after placement. Other applications, such 
as the protection of concrete from chemical attack (4) 
and the joining of precast concrete units were also 
studied (5). 
Some research has also been done in Australia by G. 
B. Welch, A. J. Carmichael and D. E. Hattersley in the 
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use of pure epoxy concretes (6). The results obtained 
confirmed the belief that the high strength and excellent 
adhesion characteristics of the epoxy resin system make 
possible the use of concrete in many applications. Four 
types of epoxy formulations with different proportions of 
aggregates were tested in this project. The compressive 
strength reached 13,000 psi and tensile strength reached 
1,200 psi. The elastic modulus and curing shrinkage ap-
peared to be generally similar to those of normal concrete. 
In 1965, an investigation was carried out in the Uni-
versity of Missouri at Rolla where epoxy resin was used 
as an admixture in Portland cement concrete (7). Final 
results indicated that compressive strength might increase 
with an increase of epoxy resin content under job curing 
conditions. 
Lightweight aggregate was probably first used by the 
Romans who embedded large pieces of pumice in the walls 
and domes of some of their large buildings (8). It was 
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J. J. Shideler has compared various concretes on the 
basis of equal compressive strengths (12). Normal weight 
sand-and-gravel concrete showed somewhat superior perfor-
mance in most tests. But in many structural applications, 
the superiority of stone concrete is overshadowed by advan-
tages resulting from reduced unit weight of the lightweight 
concretes. The unit weights of the various lightweight-
aggregate concretes ranged from 90 - 114 pounds per cubic 
foot compared to 146 pounds average value for sand and 
gravel concrete. A wide range of cement content in the 
lightweight material was required to obtain the same strength 
as the sand and gravel concrete. The cement content re-
quired to produce concrete with 28 day compressive strength 
of 3,000 psi varies from 4.4 to 6.7 sacks/cu.yd. for the 
lightweight concrete as compared to 3-9 sacks/cu.yd. for 
the sand and gravel concrete. The modulus of elasticity 
of lightweight concrete as noted by J. J. Shideler is 
generally about 50% to 80% of the sand and gravel concrete 
of same strength. The creep coefficient and drying shrink-
age of most lightweight concretes are greater than that of 
normal weight concrete. 
The absorption of water by lightweight aggregate con-
crete is much higher than that of sand and gravel aggregate. 
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Because of this high value of absorption and the fact that 
the absorption may take place at an appreciable rate for 
several days when the aggregate is initially dry, the argu-
ment was raised that the absorption of water from the mixed 
concrete tended to reduce the water cement ratio (13): 
hence the strength should be increased. It had been pointed 
out that absorption after initial set might affect the 
process of hydration and cause a loss in strength (13). 
Tuthill, reporting his experience in the concrete ship 
program, stated that better concrete could be obtained 
without saturating the aggregate. Concrete made with satu-
rated aggregate will be more vulnerable to damage by freez-
ing and thawing than concrete made with dry aggregate. 
However, it is desirable that the aggregate be damp at 
the time of mixing to reduce the amount of water absorbed 
from the mix and so reduce the rate of loss of slump. 
When the aggregate is in a less than saturated condition, 
it is desirable to mix the aggregate with about two-thirds 
of the required mixing water for a short period prior to 
introduction of cement and air-entraining admixture. 
Due to the high absorption, the net water-cement ratio 
of lightweight aggregate cannot be established with suffi-
cient accuracy for use as a basis of mix proportioning. 
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In recognition of this fact, The American Concrete Institute 
(14) recommended that lightweight aggregate concrete mixes 
should be established by a series of trial mixes propor-





The cement used in all mixes was commercial 
Portland Cement Type I Red Ring produced by the 
Missouri Portland Cement Company, Kansas City, 
Missouri. 
2. Aggregates 
Two kinds of aggregates were used in this 
project, the sand-and-gravel aggregate and the 
lightweight aggregate. 
a. Sand-and-gravel aggregate 
(1) Fine aggregate: The fine aggregate 
used in mixes was river sand from the 
Meramec River Sand and Gravel Company, 
Pacific, Missouri. The specific gra-
vity of the fine aggregate was 2.58 
and the absorption was 0.71% 
(2) Coarse aggregate: Coarse aggregate 
used in mixes was obtained from the 
Meramec River Sand and Gravel Company, 
Pacific, Missouri. The aggregate has 
1/2" maximum size. The specific gravity 
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and absorption of the coarse aggregate 
was found to be 2.5 and 2.04% respec-
tively. 
b. Lightweight aggregate 
Expanded slag was chosen as the light-
weight aggregate in the mixes. These slags 
were a product of the St. Louis Slag Products 
Company, Inc., St. Louis, Missouri. 
(1) Coarse aggregate: 
Coarse aggregate was 100% 3/8" slag 
with fineness modulus of 6.00. The 
specific gravity of the saturated sur-
face dry material was 2.01. Dry loose 
density as received was 50 lb./cu. ft. 
and absorption was 12.5% by weight of 
the dry material. 
(2) Fine aggregate: 
The fine aggregate was well graded 
with an absorption of 5-93% and the 
specific gravity of saturated surface 
dry material was 2.25. Loose density 
was 63 lb./cu. ft. 
c. Water 
Mixing water was ordinary tap water 




The epoxy resin (Ciba Araldite 6010) 
used was produced by the Ciba Products Com-
pany, Fair Lawn, New Jersey. Uncured liquid 
epoxy resin is a water insoluble, transparent, 
thermosetting material with a viscosity of 
160 poises at 25°C. The curing agent was 
triethylene tetramine (Ciba Hardener 951). 
The formula of epoxy resin system used in 
the test was 100 parts of resin and 20 parts 
of curing agent by weight. 
B. Design of Mixtures 
l. Stone Concrete 
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The design of mixes followed the suggested 
trial procedure outlined in the "Design and Con-
trols of Concrete Mixes" by Portland cement As-
sociation (15) in which the design was based on 
the relationship of water-cement ratio to com-
pressive strength. Using the tables given in 
that publication, a final mix design was chosen. 
The amounts of the material used in concrete are 
shown in Table I. 
Three batches of sand and gravel concrete 
were mixed with different percentages of epoxy 
resin. The percentages of epoxy resin content 
were O%, 1% and 2% of total volume of the batch. 
The three batches were designated as Mix sc-o, 
Mix sc-1 and Mix sc-2. All other quantities 
of the materials in the concrete were kept con-
stant; thus, any effects observed due to the 
addition of epoxy may hopefully be attributed 
to the controlled variable. 
TABLE I. SAND AND GRAVEL CONCRETE MIX DESIGN* 
Coarse Fine 
Mix Cement Water Aggregate Aggregate 
Designation lb. lb. lb. lb. 
Mix SC-0 49-9 32.85 174.4 158.8 
Mix sc-1 49-9 32.85 174.4 158.8 
Mix sc-2 49-9 32.85 174.4 158.8 














2. Slag Concrete 
As recommended by the American Concrete In-
stitute {14}, the lightweight concrete mixes 
are best designed by a trial mix procedure. 
The reason for recommending the trial mix pro-
cedure over the conventional design methods 
employing specific gravity of aggregates or 
water-cement ratio is due to the fact that the 
water-cement ratio and specific gravity of 
lightweight aggregate cannot be established with 
sufficient accuracy. However, from data reported 
by Lewis {16), a trial mix was made and a final 
mix design was established. 
There were also three batches made for slag 
concrete, in which O%, 1% and 2% of epoxy resin 
compound by total volume was added as in the 
sand-and-gravel concrete. Designation of batches 
used for slag lightweight concrete were Mix LW-0, 
Mix LW-1 and Mix LW-2. 
TABLE II. SLAG CONCRETE MIX DESIGN* 
Coarse Fine 
Mix Cement Water Aggregate Aggregate 
Designation lb. lb. lb. lb. 
Mix LW-0 74.8 43 46.5 136.6 
Mix LW-1 74.8 43 46.5 136.6 
Mix LW-2 74.8 43 46.5 136.6 














C. Mixing Procedure 
l. Stone concrete 
Two different procedures were used in mixing 
the stone concrete. In Mix sc-o ASTM designa-
tion Cl92-62T was followed. 
a. The fine aggregate and the cement were 
thoroughly blended. 
b. The coarse aggregate was added; then the 
entire batch was mixed until the coarse 
aggregate was uniformly distributed. 
c. Water was added. 
d. After all materials were in the mixer, a 
mixing period of three minutes, followed 
by three minutes rest, followed by 2 minutes 
final mixing was completed. 
Because of the presence of epoxy resin system, 
Mix sc-1 and Mix sc-2 required a different 
procedure. 
a. Coarse aggregate was thoroughly mixed with 
1/2 ePoXY resin until the epoxy resin evenly 
coated the surface of the aggregate. This 
usually took about 6-7 minutes. 
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b. The fine aggregate was introduced into the 
mixer and blended with the materials for 
5-6 minutes. 
c. The rest of the epoxy resin was added and 
mixed for 3 minutes. 
d. Two-thirds of the premixed water and curing 
agent was added. 
e. Cement was added and mixed for 1 minute. 
Then the rest of the water was added. 
f. After all the materials were in the mixer, 
the mixing was continued for 3 minutes. 
2. Slag concrete 
The uniformity and quality of lightweight 
concrete are dependent on the uniformity of mois-
ture content of the aggregate. A suggestion 
that premixing two-thirds of the total water 
with aggregate was made by many experts (14). 
Due to the presence of epoxy resin, it was dif-
ficult to follow this principle explicitly. 
Nevertheless, the procedure for Mix LW-1 and 
Mix LW-2 was set up to meet this requirement. 
For Mix LW-0, the procedure was: 
a. Coarse and fine aggregates were blended 
in the mixer. 
b. Two-thirds of the total mixing water was 
added and mixed for 2 minutes. 
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c. The cement and the rest of the water were 
added and the mixing was continued for 2 
minutes. 
The procedure for Mix LW-1 and Mix LW-2 was: 
a. The coarse aggregate was mixed with 1/2 
epoxy resin thoroughly. 
b. The dry fine aggregate was put into a con-
tainer and mixed with 1 to 1.5 lb. of water. 
c. All of the fine aggregate was then added 
to the mixer and mixed for 5 minutes. 
d. The rest of the epoxy resin was added and 
continued the mixing for 3 minutes. 
e. Two-thirds of the premixed water and curing 
agent was then added. The cement was added 
and mixed for 1 minute. 
f. The rest of the water was then added and 
the mixing was continued for 3 minutes. 
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D. Tests for Properties of Fresh Concrete 
l. Slump Test 
The test was made on each batch immediately 
after mixing and before placing the concrete 
into the cylinder molds. It was conducted in 
accordance with "Standard Method of Test for 
Slump of Portland Cement Concrete" ASTM Desig-
nation Cl43-58. The slump was recorded in terms 
of inches of subsidence of the specimen. Test 
results are shown in Tables 3 and 4. 
2. Air Content Test 
Air content test was conducted in accordance 
with "Standard Method of Test for Air Content of 
Freshly Mixed Concrete by the Pressure Method" 
ASTM Designation C23l-62. The air content of 
the concrete was calculated as follows: 
where 
= Apparent Air Content, percentage 
by volume of concrete 
= Air content, percentage by volume 
of concrete 
=Aggregate Correction Factor, per-
centage by volume of concrete. 
Test results are shown in Tables 3 and 4. 
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TABLE III. PROPERTIES OF FRESH STONE CONCRETE 
Mix Epoxy Resin Air Slump Water-Cement 
Content Ratio 
Designation % Content 
by volume by wt. 
Mix sc-o 0 2.3 1/2" 0.65 
Mix SC-1 1% 2.18 1 1/2" 0.65 
Mix SC-2 2% 2.1 2" 0.65 



















4 1/2" 0.575 
6" 0.575 
21 
E. Casting and Curing 
Twelve specimens per single batch were cast in 
6" diameter x 12" paraffined paper molds with metal 
bottoms. Half of the specimens were stored in the 
moist room in which the temperature was maintained 
at 70°F and a relative humidity of 100 percent. 
The other half of the specimens were kept outside 
of the moist room in order to simulate job curing 
conditions. This method of preparing the specimens 
insured that at a given epoxy resin content, all tests 
were performed on a single batch of material. The 
paper molds were left on the specimen throughout the 
curing period. 
F. Testing Procedure 
1. Test procedure for compressive strength 
The compression test was performed in ac-
cordance with the "Standard Method of Test for 
compressive Strength of Molded Concrete Cylin-
ders", ASTM Designation C 39-49. Cylinders were 
tested at the age of 28 days in a Forney Hydrau-
lic Compression Testing Machine. Before testing, 
specimens were capped with a sulphur capping 
material. Specimens were loaded at a rate of 
3000 lb/rnin. until failure. Considering the 
loads to be uniformly distributed through a 
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transverse section, the unit stress can be ob-
tained by dividing the failure load by the trans-
verse area of the cylinders 
where 
p f=-A 
f = unit stress in pounds per square 
inch 
P = Maximum load in pounds 
A = transverse sectional area of the 
cylinder in square inches 
2. Testing Procedure for Tensile Strength 
In testing the tensile strength, an indirect 
tensile test was used. The indirect tensile 
te~t has the advantages that the same cylindrical 
mold and testing machine can be used as for the 
compression test, and the cylinders do not need 
to be capped. This method was first suggested 
by Carneiro of Brazil (18). Carneiro's method 
consists of applying a compressive force along 
two opposite generators of the cylinder in the 












Tests were conducted on a Riehle Hydraulic 
compression Testing Machine in the 0-20,000 pound 
range. Strips of aluminum and plywood were placed 
between the platens of the machine and the speci-
mens. Under this loading condition, the uniform 
tensile stress was calculated by the equation 
given by Carneiro: 
where 
cr = £L_ 
1T DL 
o-= tensile splitting strength in pounds 
per square inch 
P = load at rupture in pounds 
D = diameter of cylinder in inches 
L = length of cylinder in inches 
3. Testing Procedure for Modulus of Elasticity 
Testing for modulus of elasticity was con-
ducted simultaneously with the compression test: 
two specimens for the job curing condition and 
two for the laboratory curing condition. 
The deformation was measured by a dial gage 
in a compressometer with a gage length of 8". 
The gage.was read to nearest 0.0001" with readings 
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recorded for every 10 kips load increment. The 
modulus of elasticity was determined from an 
assumed straight line portion of the stress strain 
diagram. For a 6" x 12" cylinder the following 




E = 0.283 A 
E = Modulus of elasticity in pounds 
per square inch 
p = Applied load in pounds 
a = Total deformation in inches. 
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IV. DISCUSSION OF THE RESULTS 
A. Properties of Fresh Concrete 
Slump of concrete increased with an increasing epoxy 
content as given in Table 3-4. The effect was more pro-
nounced with lightweight concrete. The increase noted might 
be due to the fact that the epoxy resin coated the aggre-
gate particles, thereby causing a decrease of absorption 
of aggregates which in turn would increase the water in 
the paste. Observations made in the laboratory seemed to 
indicate that there was less tendency for water to collect 
on the top of specimen (bleeding) with increasing epoxy 
content in the concrete. 
B. Modulus of Elasticity 
Test results of modulus of elasticity are plotted on 
Fig. 2 which shows the elastic modulus of stone and slag 
concretes at 28 days vs. the admixture content for both 
the job and the laboratory curing conditions. The stress-
strain curves from which the data is obtained are shown in 
the Appendix Fig. 7-18. 
In job cured concrete, the modulus of elasticity of 
Mix sc-1 and Mix sc-2 were 91% and_87% of Mix sc-0 respec-
tively: while for laboratory cured concrete, the elastic 
modulus of Mix SC-1 and Mix SC-2 were 89% and 85.5% of 
Mix sc-o. 
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In job cured lightweight concrete, the modulus of 
elasticity of Mix LW-1 and LW-2 were 92.1% and 59% of Mix 
LW-0, respectively. For the laboratory curing conditions, 
the modulus of elasticity of Mix LW-1 and Mix LW-2 were 
90.3% and 60% of Mix LW-0. 
The epoxy resin has a low modulus of elasticity (8) 
(400,000-600,000 psi) and this may be one reason why the 
elastic modulus of concrete with epoxy resin is less than 
that of concrete without epoxy resin. It is apparently not 
the sole cause of the reduction, since from an approximate 
estimation 2% epoxy resin would cause only 2% reduction of 
modulus of elasticity in concrete. 
c. Compressive and Tensile Strength 
The results of compression test of cylinders are shown 
on Fig. 3-4. Fig. 3 shows the compression strength of stone 
concrete vs. the epoxy resin content. The results for both 
the job curing and the laboratory curing conditions at the 
age of 28 days were plotted in order to show a direct 
comparison. 
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Under the laboratory curing conditions, the average 
stress of Mix SC-1 and Mix SC-2 were 93-5% and 102% of Mix 
SC-0; but with the job curing conditions, the average stress 
of Mix SC-1 and Mix sc-2 were 97.2% and 108% of Mix sc-o. 
Fig. 6 shows the compression strength of slag concrete 
vs. the percentage of epoxy content. Under the laboratory 
curing conditions the average stress of Mix LW-1 and Mix 
LW-2 were 101% and 98% of Mix LW-0; while under job curing 
conditions, the average stress of Mix LW-1 and Mix LW-2 
were 109% and 106% of Mix LW-0. 
Results of both stone and slag concretes show a ten-
dency toward an increase in strength with the addition of 
epoxy resin under the job curing conditions. Under the 
laboratory curing conditions, both materials show a small 
decrease with the addition of epoxy resin. 
The results of tests on tensile strength of cylinders 
are shown on Fig. 5-6. Fig. 5 shows the tensile strength 
of stone concrete vs. the epoxy resin content for both the 
job and the laboratory curing conditions at the age of 28 
days. Under the laboratory curing conditions, the average 
tensile stress of Mix sc-1 and sc-2 were 77% and 94% of 
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Mix SC-0; while under the job curing conditions, the average 
tensile stress of Mix SC-1 and Mix SC-2 were 96% and 115% 
of Mix sc-o respectively. 
The tensile strengths of slag concrete vs. the epoxy 
resin content are shown on Fig. 6. Under the laboratory 
conditions the average tensile stress of Mix LW-1 and Mix 
LW-2 were 105% and 107% of Mix LW-0. Under the job curing 
conditions the stress of Mix LW-1 and LW-2 were 119% and 
122% of Mix LW-0. 
Normally concrete cured under job conditions will show 
a reduction in strength with respect to laboratory cured 
material. In this investigation, with the addition of epoxy 
resin, the job cured concretes increased in strength corn-
pared with the plain concrete of same curing condition. 
Apparently, the high adhesive property of epoxy resin.'· 
strengthened the bonding between particles which usually 
are bonded by cement paste alone. In the laboratory cured 
concrete, since moisture has a deleterious effect on the 
curing of epoxy resin, concrete with epoxy resin could show 
a reduction in strength. Thus, it is conceivable that either 
or both of these mechanisms are operating to cause the in-
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V. CONCLUSION 
In this investigation, the results from the tests 
on the compression strength of stone concrete showed a 
consistent difference between the job and lab curing con-
ditions at O% of epoxy resin content and a reasonable agree-
ment at 1 and 2% epoxy resin content. The same pattern also 
appeared in tensile strength test. Almost the same progres-
sion was found in another investigation which was completed 
last year by Mr. Kuo-Chu Hu (7) at this university. 
In slag concrete, the result on compression shows 
that the difference at O% epoxy resin content was not 
detected, possibly due to the presence of one low point 
in the data. At 1% and 2% epoxy there was some indication 
that addition of epoxy improved the compressive and tensile 
strengths of the job cured material. 
With both stone and slag concretes, the modulus of 
elasticity is. reduced with the presence of epoxy resin. 
The reduction may be partially caused by the low elastic 
modulus of epoxy resins. Since this can cause only part 
of the total reduction, as mentioned before, there must 
be some physical or chemical interaction between materials. 
Fig. 2 shows the elastic modulus of both stone as well as 
36 
slag concretes. As shown in the figure, except Mix LW-2, 
the modulus of elasticity of slag concrete is generally 
about 73.5%-75% of that of stone concrete. 
By adding epoxy resin, fresh concrete showed a slump 
gain as shown in Table 3-4; hence a more workable mix can 
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